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Original paper 

ABSTRACT 

Introduction: Supracondylar humerus frac- 
tures are the most common fractures of the 
humerus at the elbow in children. The key 
role belongs to the age and immaturity of the 
humerus region. Treatment, even today repre- 
sents the problem of bone and joint surgery. 
Gartland classification divides these fractures 
into four types. Analysis of radiographic 
parameters will serve as an indicatorfortreat- 
ment selection. Goal: To demonstrate the role 
of radiographic evaluation by measurement of 



default radiographic parameters and indicate 
the choice of treatment for supracondylar frac- 
tures of type I and II by Gartland. Material and 
methods: The study included 60 children aged 
4-14 years, divided into two groups, first with 
initial radiographic analysis and the second 
one without radiographic analysis. All were 
treated at the Primary Health Care Center Novi 
Travnik and Nova Bila Hospital from 2009 to 
2011. Analysis was performed using methods 
of descriptive statistics to calculate the mean 
and standard deviation. Student's t-test and 
Chi-square test. Results: In patients from first 



group hospitalization, immobilization duration, 
as well as physical treatment was shorter and 
more frequently surgical treatment was ap- 
plied (manual reduction with K-wire fixation) 
with statistically significant difference (p = 
0.042). Conclusion: Radiographic evaluation 
is one way to choose methods of fracture 
treatment. The incidence of complications is 
low, with excellent outcome of treatment and a 
faster return of children to their daily activities. 
Key words: Gartland type I and II supracon- 
dylar fracture, Kirschner wires. 



1. INTRODUCTION 

Supracondylar humerus fractures 
are the most common fractures of 
the distal end of the humerus in 
children accounting for about 60% 
of all fractures in the elbow. 

Fractures during growth period 
by its etiology, mechanism of inju- 
ry and healing, differ significantly 
from the fracture at the adulthood 
(1, 3). Most of these fractures occur 
in children under the age of 10 years 
and usually between 5-8 years of age. 

Favorable conditions for the oc- 
currence of fractures allow in- 
creased looseness of the collateral 
ligament laxity structures, immatu- 
rity of bone material in the humer- 
us region and the specific relation- 
ship of bone structures in the elbow 
joint. 

The frequency with respect to 
gender shows that these fractures 
were twice as common in boys than 
in girls, while in relation to the side 



are more likely to occur in the left 
elbow on the nondominant side (3, 
7, 18). 

In most cases supracondylar hu- 
merus fractures in children resulting 
from falls on the outstretched hand, 
when the extensional type fracture 
occurs in approximately 97% of cas- 
es, while in 3% the flexion type oc- 
curs most often by fall on the bent 
elbow. 

There are many classifications of 
supracondylar fractures. As a criteri- 
on in all classification attempts are 
taken two features: the size of dis- 
location of the distal fractured frag- 
ment and the position of the frac- 
ture line. The most common is the 
Gartland classification (1959), which 
after radiographic analysis provides 
us guidance in selecting treatment 
options. It divides fractures on: 

• I type - without dislocation; 

• II type - with the dislocation of 
fragments that are still in contact 



(intact posterior cortex, disloca- 
tions in single plane); 

• III type - complete dislocation 
of fragments with no cortical 
contact (the most common type 
with 50%). 

• If there are clinical signs of neu- 
rovascular lesions, or in case of 
open fracture, then this is clas- 
sified as a fracture - type IV (1, 
3, 5). 

For diagnostic and therapeutic 
procedures with the trauma of the 
distal end of the humerus in chil- 
dren we should not forget the ossifi- 
cation map of this region. There are 
six ossification centers in the elbow 
joint. It should be noted that at the 
time of birth the distal humerus is 
completely made of cartilage. Ossi- 
fication cores are gradually appear- 
ing in a specific order. The order of 
appearance is shown by mnemon- 
ic abbreviation: CRITOL (Capitu- 
lum, Radius, Internal or medial epi- 
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condyle, Trochlea, Olecranon, Later- 
al epicondyle). Age of occurrence is 
variable, but generally the sequence 
is at age of 1, 3, 5, 7, 9, 11 years (3, 
4, 7, 10, 11, 12, 13, 14, 15, 16). Diagno- 
sis of fractures of the distal humer- 
us in children is a clinical and radio- 
logical. It is based on: history, clin- 
ical examination and radiographs, 
whereas methods: ultrasound, CT, 
MRI, color-Doppler, angiography, 
EMG is useful as an additional diag- 
nosis of multifragment fractures in 
suspected vascular injury and in as- 
sessing damage to nerve structures 
(3, 14, 17, 18, 19, 20, 21, 22,). 

In history, essential is informa- 
tion on the mechanism of injury, as 
w^ell as information about disorders 
and pain. Clinical findings consist of 
examination, palpation, testing the 
functions and neurology-circulatory 
status, along w^ith registration and 
exclusion of associated injuries and 
illness at admission. Cubital region 
has three fat pads and during pal- 
pation of cubital region we should 
pay attention to the movement of fat 
pads, which with swelling of the re- 
gion and palpatory tenderness indi- 
cate an occult fracture, but not visi- 
ble on x-ray and without other clini- 
cal signs of fracture (2, 3, 12, 13). 

For X-ray imaging are made stan- 
dard projections: AP image with the 
extended elbow, forearm in neutral 
position; lateral projection, the el- 
bow in flexion if possible up to 90^. 

In the analysis of X-ray images is 
necessary to point out some char- 
acteristics of the angles, which are 
used to estimate the position of frag- 
ments: Baumann angle (Figure 1.), 
AHL (anterior humeral line) (Figure 

2. ), humerotrochlear angle (Figure 

3. ) (3, 7, 12, 19) (. 

Complications arise as a result of 
trauma, iatrogenic during reposi- 
tioning or during the surgery. They 
are divided into two basic groups: 
a) those that lead to deterioration 
of the lower extremities function, b) 
those who leave the cosmetic conse- 
quences. Deterioration of function 
leads to injury of neurological and 
circulatory structures, while the ma- 
jor cosmetic problem is cubitus var- 
us or valgus. 

Posttraumatic elbow contracture 
occurs as distinct consequences of 



these fractures and is characterized 
by varying degrees of restrictions of 
movement in the elbow (6, 7, 12, 15, 
21, 22). 

In daily clinical work, but also in 
literature, we face numerous meth- 
ods of treating supracondylar frac- 
tures. Treatment can be conservative 
and surgical. Each of these methods 
has the same goal-to keep the frag- 
ments in corrected position through 
conservative (manual reposition, im- 
mobilization by splint and traction) 
and by surgical techniques (open 
surgical reduction and fixation with 
Kirschner wires or manual reduc- 
tion and transcutaneous Kirschner 
wire fixation of the fragments). Man- 
ual reduction and transcutaneous 
Kirschner wire fixation is increasing- 
ly considered the method of choice 
(3, 6, 8, 10, 11, 24). 

In addition to the conservative 
and surgical treatment of supracon- 
dylar fractures important place and 
role in the treatment have physical 
therapy with the use of different pas- 
sive and active therapeutic proce- 
dures depending on clinical find- 
ings, in order to achieve better func- 
tional and aesthetic restoration after 
the fracture. To determine the suc- 
cess of treatment Flynn's criterias 
are applied, which include measure- 
ment of bearing angle, flexion and 
extension (17, 12, 20, 25). 



vant data on each patient: the meth- 
od of injury, fracture type, method 
and course of treatment, and final 
evaluation (clinical and functional) 
the questionnaire designed for this 
study was used. The study included 
a time period from January 1, 2009 - 
December 31, 2011. All patients were 
classified into two groups of 30 pa- 
tients: 

• I group - 30 patients with supra- 
condylar fracture of humerus - 
type I and II, classified according 
to Gartland, who had performed 
radiographic evaluation; 

• II group - 30 patients with supra- 
condylar fracture of humerus - 
type I and II, classified according 
to Gartland, where radiographic 
evaluation was not performed. 
Uninjured side in both groups 

was used for the collection of con- 
trol parameters. 

The study is a retrospective-pro- 
spective. Data were collected and 
used from the medical records of pa- 
tients from surgical protocol of the 
Primary Health Care Center Novi 
Travnik and Nova Bila Hospital, 
from the medical history, surgical 
protocols and analysis of X-ray im- 
ages before and after the treatment. 
Diagnostics (clinical and radiologi- 
cal) for each patient was performed 
at the Primary Health Care Center 
Novi Travnik. For each patient med- 



2. GOAL 

The goal of this 
study was to demon- 
strate the role of radio- 
graphic evaluation af- 
ter measurement of set 
radiographic param- 
eters in the selection 
of treatment meth- 
ods for supracondylar 
fracture of type I and 
II by Gartland, to re- 
duce the occurrence 
of complications and improve treat- 
ment outcome. 

3. MATERIAL AND METHODS 

At the Primary Health Care Cen- 
ter Novi Travnik and Nova Bila Hos- 
pital are treated 60 patients 4-14 
years of age due to supracondylar 
fracture of the upper arm of type I 
and II by Gartland. To collect rele- 




Figure 1. Baumann angle (3) 



ical history was taken, examination 
made, palpation, with examination 
of the vascular and neurological 
functions. 

Made are X-ray images in stan- 
dard projections: AP image with the 
elbow in extension, LL-image with 
elbow in flexion preferably of 90°. 

In patients of group I have done 
a detailed analysis of X-ray radio- 
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Figure 2. AHL (anterior humeral line) (3) 




Figure 3. Humerotrochlear angle (3) 

graphic images. To estimate the po- 
sitions of fragments (dislocation, an- 
gulation), we used the characteristic 
angles and perform their measure- 
ments: 

Baumann's angle is measured on 
AP image and it represents an an- 
gle that makes fisial line of the lat- 
eral condyle of the humerus with 
the longitudinal axis. It should be 
about 75°. AHL (anterior humeral 
line)-measured on the lateral image 
and represents a longitudinal line 
which runs from the edge of the hu- 
meral diaphysis and normally pass- 
es through the middle third of the 
humerus capitulum. Humerotroch- 
lear angle is measured on the lateral 
image and is consisted of longitudi- 
nal lines of diaphysis of the humerus 
with the axial line of the condyle and 
is about 40°. 

All patients (treated conservative- 
ly and surgically) conducted a phys- 
ical therapy at the Physical Reha- 
bilitation Department at the Nova 
Bila Hospital. For statistical analy- 
sis of data was used statistical soft- 
ware SPSS 12. Analysis is done by us- 
ing methods of descriptive statistics 
to calculate the mean and standard 
deviation. Student's t-test and Chi- 
square test. Statistical analysis was 
performed with a confidence inter- 
val of 95% and a value of p <0.05 was 
considered as significant. 



4. RESULTS 

Of the 60 children 
with supracondylar hu- 
merus fractures of type 
I and II were classified 
according to Gartland, 
36 boys and 24 girls, 
with most patients 
from age group 7-10 
years or 13 (43.3%) in 
group I and 14 (46.7%) 
in group II. The aver- 
age age in group I was 
8±2.5 years (range 4-13) 
and 7.5±2.3 (range 4-13) 
in the group II. Sub- 
jects in group I were 
slightly older than 
the group II (t=0.637, 
p=0.428). In Group 
I there were 18 frac- 
tures of the left arm 
from which 10 male 
(55.6%) and 8 female 
(44.4%), 12 fractures of the right arm 
from which 7 (58.3%) male and 5 
(41.7%) female. The group II had 16 
fractures of the left arm, of which 9 
(56.3%) in male and 7 (43.8%) in fe- 



Baumann angle [degrees) 


N 


% 




<65 2 


67 




65-PO 7 


23.3 




?l-?5 13 


43.3 




P6-80 5 


16.? 




>80 3 


10.0 




Total 30 


100.0 




Table 1. Distribution of respondents by Bau 


mann 


angle size 






Humerotrochlear angle [degreed) 


N 


% 




<25 4 


13.3 




26-30 6 


20.0 




31-35 4 


13.3 




36-40 10 


33.3 




>40 6 


20.0 




Total 30 


100.0 




Table 2. Distribution of respondents by 
humerotrochlear angle 


Frontal humeral line 




N 


% 


Passes in front of the anterior 
third 


7 


23.3 


Passes through anterior third 


14 


46.? 


Passes through middle third 


6 


20.0 


Passes through posterior third 


3 


10.0 


Total 


30 


100.0 


Table 3. Distribution of respondents by passage of 
the frontal humeral line through capitulum 



males, and 14 fractures on the right 
side from which 10 (71.4%) in male 
and 4 (28.6%) in females. More are 
represented on the left side in both 
groups. Analyzing the distribution 
of patients according to Gartland 
classification 22 (36.7%) patients 
had G-I and 38 (63.3%) had a G-II 
observed in both groups. All group 
II patients had the extensional frac- 
ture and in group I 96.7% extension- 
al and 3.3% flexion fracture. 

The AP images were measured 
Baumann's angle. Most of the re- 
spondents had a value of 71-75° or 13 
(43.3%), and 2 patients (6.7%) had a 
value less than 65°. The average val- 
ue was 73.17±4.49° (Table 1). On the 
lateral image was measured humer- 
otrochlear angle and passing of the 
anterior humeral line through capit- 
ulum. Mean humerotrochlear angle 
observed in group I was 34.4±7.04°. 
The largest number of respondents 

10 (33.3%) had a value in the range 
of 36-40°, and 4 patients (13.3%) val- 
ue lower than 25° (Table 2). Ante- 
rior humeral line normally passes 
through the middle third of the ca- 
pitulum. In our study, in the major- 
ity of respondents 14 (46.7%), anteri- 
or humeral line passing through the 
anterior third of capitulum and the 
least passed through the last third of 
the capitulum 3 (10%) (Table 3). 

In this study for both groups of 
patients were applied the follow- 
ing treatments: manual reduction 
and immobilization in 22 patients 
(51.2%) with I type of the fracture 
and in 21 patients (48.8%) with type 

11 fractures, manual reduction + fix- 
ation with K -wires in 10 patients 
(100%) who had a Gartland-II frac- 
ture, open reduction + fixation with 
K-wires in 7 patients (100%) who had 
a Gartland-II fracture (Table 4). 

Results indicate that in patients 
of group I, who underwent radio- 
graphic evaluation, is recorded a 
higher number of surgically treated 
fractures-12 (40%), while in group 
II, five patients (16.7%), so there is 
a statistically significant difference 
between groups in terms of greater 
representation surgical treatment in 
group I and conservative in group II. 

According to Flynn's criteria, the 
total in the two groups of our study, 
26 patients (43.3%) had an excel- 
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Fracture type * Grout * Treatment method 



Treatment method 






Group 










1 group 


II group 


- Total 






Gl 


N 


8 


14 


22 




Fr^rti 1 rp 
r 1 ciL* lu 1 c 


% 


44.4 


56.0 


51,2 


Manual 
Reduction + 
immobilization 


type 


Gil 


N 


10 


11 


21 




% 


55.6 


44.0 


48,8 


Total 




N 


18 


25 


43 






% 


100,0 


100.0 


100.0 


Manual 


Frar~ti i rp 
ri du lu 1 c 


Gil 


N 


8 


2 


10 


rfiHi mtinn j- 

1 CUUL.I.IUI 1 


type 


% 


100.0 


100.0 


100,0 


fixation with 


Total 




N 


8 


2 


10 


K-wires 




% 


100,0 


100.0 


100.0 




Fracture 


Gil 


N 


4 


3 


? 


Open reduction 
+ fixation with 
K-wires 


type 


% 


100.0 


100.0 


100,0 


Total 




N 


4 


3 


? 




% 


1 nn n 
1UU,U 


1 nn n 
lUU.U 


inn n 
lUU.U 






Gl 


N 


8 


14 


22 




Fracture 


% 


26.? 


46.? 


36,? 


Total 


type 


Gil 


N 


22 


16 


38 




% 


?3.3 


53.3 


63,3 




Total 




N 


30 


30 


60 






% 


100.0 


100.0 


100.0 



group I {20A3±1J2 days) 
compared to group II 
(21.17±2.58 days), also 
without statistically 
significant differences 
(p>0.05). Physical treat- 
ment lasted on aver- 
age shorter in group I 
(22.67±4.08 days) than 
in group II (27.9±5.45) 
without statistically 
significant difference 
(p<0.05). 

In this 
plications 



Table 4. Method of treatment by fracture type in I and I 
X2=0.559, p=0.331, x2=2.584, p=0.090 



group, 



lent outcome, 25 (41.7%) good, and 
9 (15.0%) average. It should be not- 
ed that there was no patients with 
unsatisfactory results (the test group 
was with I and II type of fractures 
by Gartland). Although there are 
no statistically significant differenc- 
es it can be noted that the patients 
from group I had an excellent out- 
come more often compared to group 
II. After completing physical thera- 
py range of motion was measured by 
a healthy and injured elbow. There 
was a statistically significant differ- 
ence (p<0.05) in mean values of flex- 
ion and extension between injured 
and uninjured limb. The difference 
of flexion and extension accord- 
ing to the type of treatment (surgi- 
cal or conservative) shows a statisti- 
cally significant difference in the in- 
jured limb, which recorded a high- 
er degree of extension in patients 
treated surgically compared to pa- 
tients treated conservatively. By the 
length of the cast immobilization 
duration and physical therapy, be- 
tween the groups observed, indicat- 
ing that the hospitalization was lon- 
ger in group II (5±1 days) than in 
group I (4.33±1.23 days), but with- 
out statistically significant differ- 
ences, as well as duration of cast im- 
mobilization, which was shorter in 



paper, com- 
were ob- 
served in a small num- 
ber of patients: contrac- 
ture (delay in elbow flex- 
ion and extension). In 
the first group the con- 
tractures were recorded 
in 2 patients (6.7%) and 
in group II in 3 patients 
(10%) with 1 (3.3%) cubi- 
tus varus. Smaller num- 
ber of complications 
was recorded in the first group with 
initial radiographic analysis. The 
presence of complications observed 
between the groups indicates that 
there is no statistically significant 
difference (p>0.05). 

5. DISCUSSION 

Supracondylar humerus frac- 
tures are the most common elbow 
fractures in children in the first de- 
cade of life. Approximately 60% of 
fractures among children belong to 
supracondylar fracture of humer- 
us. The incidence rises between 4-8 
years of age, and decreases at the age 
of about 15 years (3). Analyzing the 
results we recorded in both groups 
more boys 60:40%. The average age 
at the time of injury was 8 years 
in the I group and 7.5 years in the 
group II. More fractures were pres- 
ent on the left side in both groups. 
Extensional type was present in 
96.7% and flexion in 3.3% of cases 
in the group I. In group II, all sub- 
jects had extensional type of frac- 
tures. Comparing the data obtained 
in this study with the data found in 
other studies it can be said that the 
incidence of supracondylar fractures 
appear to be related to gender, age, 
side, and is consistent with the type 
of fracture (16). 



In I group on the AP image, we 
measured the Baumann's angle (av- 
erage value was 73.17±4.49°), and on 
lateral images humerotrochlear an- 
gle (34.47±7.04°) and AHL-anterior 
humeral line, which usually passed 
through the anterior third of the ca- 
pitulum. 

Lee B, Lee S, Kim S, et al (2011) ex- 
amined 114 children with supracon- 
dylar fractures, and measured the 
Baumann's and humerotrochlear 
angle and analyze the effectiveness 
of treatment which is performed 
based on the type of fracture. The 
results showed that radiographic as- 
sessment of these angles indicates a 
good choice of treatment based on 
the degree of dislocation of the frag- 
ments (24). By analyzing this data in- 
dicated a stabilization of the fracture 
mode in group I, while in group II, 
treatment is indicated only by stan- 
dard radiographic images without 
measurement and analysis. In our 
study in both groups dominated 
manual reduction with immobili- 
zation or 60% of group I and 83.3% 
of group II. Manual reduction with 
K-wire fixation was more frequent- 
ly used in group I (26.7%) than in 
group II (6.7%) without statistical- 
ly significant difference (p=0.042) 
in terms of greater representation of 
surgical treatment. Open reduction 
and fixation with K-wires was used 
in 7 patients in both groups. 

Tiwari A, Kanojia RK, Kapoor SK 
(2007) examined the results of surgi- 
cal treatment of supracondylar frac- 
tures of the humerus. According to 
their results, the method of choice 
is closed reduction and stabilization 
by K wires (26). 

The average duration of hospi- 
talization was shorter in group I 
(4.33±1.23 days) as well as length 
of cast immobilization (20.43±1.72 
days) compared to group II, but 
without statistically significant dif- 
ferences. Physical treatment in pa- 
tients of group I was shorter, on av- 
erage 22.67±4.08 days, compared 
to group II, which lasted 27.9±5.45 
days. The analysis indicates that 
there is a statistically significant dif- 
ference in the average duration of 
physical treatment (p<0.05). Analy- 
sis of average values of flexion and 
extension between the injured and 
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uninjured limb and shows that in 
both cases there is a significant dif- 
ference p=0.001, p=0.008 and is con- 
sidered to be statistically significant 
(p<0.05). Range of motion signifi- 
cantly increased after completion of 
physical treatment and has impact 
on the final treatment outcome. For 
both groups of patients the outcome 
of treatment was evaluated by Fly- 
nn's criteria. From the total num- 
ber of respondents 43.3% had an ex- 
cellent result, 41.7% good and 15.0% 
average. It is important to point out 
that there was no poor result. In this 
study, complications were observed 
in a small number of respondents. 
In the group I in 2 patients (6.7%) 
contracture was recorded, in group 
II in 3 patients (10%) contractures 
and in 1 patient (3.3%) cubitus var- 
us. It is noticeable that the small- 
er number of complications was re- 
corded in the group I with initial 
radiographic analysis in relation to 
the group II. Neurovascular injuries 
were not recorded. 

Oztiirkmen Y, M Karamehmeto- 
glu, Azboy I (2005) in their study on 
34 patients with supracondylar frac- 
tures treated surgically (manual re- 
duction and fixation with K-wires) 
had one complication-cubitus var- 
us (27). 

The most common dilemma for 
choice of treatment was observed 
in type II fractures by Gartland, 
where there is less movement and 
preserved posterior cortex. By a pre- 
cise measurement we determine the 
shift, if there is rotation and devia- 
tions from normal and apply the 
proper treatment. 

Based on the results of our study, 
we confirmed the importance of ra- 
diographic analysis as a method for 
selecting treatments for supracondy- 
lar fracture of type I and II by Gart- 
land, whether the fractures are clear- 
ly presented or hidden with a barely 
noticeable radiological changes. 

We proved that the analyzed pa- 
rameters (length of hospitalization, 
length of cast immobilization, phys- 
ical therapy duration, lower frequen- 
cy of complications and good out- 
come), are in favor of group I pa- 
tients with initial radiographic anal- 
ysis and confirmed the study goal. 

Manual reduction and transcuta- 



neous Kirschner wire fixation is in- 
creasingly considered as the method 
of choice and is called the "gold stan- 
dard" for treatment of supracondy- 
lar fractures of the humerus (24, 28). 

6. CONCLUSION 

Detailed radiographic evalua- 
tions, after the measurement of ra- 
diographic parameters was used in 
the selection of methods of treat- 
ment of humeral supracondylar frac- 
tures in children of type I and II ac- 
cording to Gartland. Good choice 
of treatment (manual reduction and 
fixation with K-wires) reduces hospi- 
talizations, duration of cast immobi- 
lization, physical therapy, with less 
complications and faster return to 
daily activities of children. 
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EASE Council for 2012-2015 elected in Tallinn 

At the AGM, the following members were elected unopposed to sen/e for the next 
three years. 

President: Joan Marsh 

Vice Presidents: Eva Baranyiova and Ana Marusic 

Ordinary members 
Paola De Castro 
Shirin Heidari 
Izet Masic 
Chris Sterken 
Sylwia Ufrialska 



Editing in the Digital World 

Full details of the various talks and sessions will be published in European Science 
Editing starting with a summary in the August issue. Meanwhile have a look at 
the Tallinn Tom Toms, the Conference Newsletters which pro^^ide a light-hearted 
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(previously Web 2.0) 
Wednesday, 27 June, 2012 
United Kingdom 
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Izet Masic 

Bosnia and Herzegovina 



Izet Masic is Professor of 
Family Medicine at the Medical Faculty 
of the University of Sarajevo and 
Professor of Social Medicine. Health 
Care Organization and Health 
Economics at the Faculty for Health 
Sciences at the University of Zenica in 
Bosnia & Herzegovina. He is also 
Professor of... 
Read more 



ACTA INFORM MED. 2012 SEP; 20(3): 154-159 / ORIGINAL PAPER 



